INTRODUCTION
On 29 July 1991, animal attendants in charge of a group of 99 cattle which had been grazing alongside 400 sheep, since March, in a forest 5 km east of the village of Stefan Karadjovo in Boliarovo municipality, Yambol district, south-east Bulgaria, reported that some of the animals were ill. The local and regional veterinary officers suspected foot and mouth disease (FMD) and although it was not possible to examine all the animals, due to inadequate handling facilities, eleven cattle with mild vesicular lesions were identified. Samples sent to the FMD laboratory in Sliven, Bulgaria, were identified by complement fixation as containing FMD virus (FMDV) serotype O. These results were confirmed by a laboratory in Sofia the following day and later at the Office International des Epizooties (OIE)/Food and Agriculture Organisation of the United Nations (FAO) World Reference Laboratory for FMD (WRL) Additionally, probang and serum samples were taken from domestic animals to assess the extent (if any) of spread of virus beyond the original site, which might have occurred before the outbreak was discovered or following discovery, due to an elevenday delay in slaughtering the infected herd.
MATERIALS AND METHODS

Viruses
The virus isolates used in the study are listed in Table I . Most viruses were isolated on primary bovine thyroid (BTy) cells and subsequently adapted to IBRS (Instituto Biológico rim suino) 2 cells for further analysis.
Enzyme-linked immunosorbent assay
The viruses were compared by one-way liquid-phase blocking sandwich enzymelinked immunosorbent assay (ELISA) using sera from vaccinated cattle according to the method described by Kitching and colleagues (6) . Briefly, the assay measures the residual antigen remaining after overnight reaction between dilutions of a reference antiserum and pre-titrated masses of antigen prepared from the field isolate and the homologous reference strain. The serum titre obtained at 50% of the predetermined virus concentration is used to calculate the relationship ("r") value. This method has been shown to correlate with results obtained using the conventional virus neutralisation (VN) test, "r" values were calculated as follows: serum titre against field isolate r = serum titre against vaccine strain
The following criteria were used for interpretation of "r" values (12):
-0-0.19 represents a highly significant antigenic variation from the reference vaccine strain. Where possible, this situation is best countered by use of a vaccine strain with a closer relationship to the field virus. However, in an emergency, a potent vaccine more distantly related to the field virus may provide sufficient protection, especially if administered on more than one occasion.
-0.20-0.39 represents an area of concern. These values show a significant difference from the reference strain, but protection may be satisfactory if using a potent vaccine.
-0.40-1.0 represents values not significantly different from the reference vaccine strain as measured by the particular test system used. 
Monoclonal antibody analysis
A panel of monoclonal antibodies (MAbs) raised against the reference strain 01/Lausanne/Switzerland/1965 (1, 2, 9, 10) and characterised by sequencing neutralisation escape mutant viruses raised against individual MAbs (7, 15) was used in a trapping ELISA (13) to obtain antigenic profiles.
Briefly, viruses to be tested were reacted with a panel of MAbs and the reactivity compared to that of the homologous virus. Results were expressed as a percentage of the homologous reaction.
Nucleotide sequence analysis
The sequence of approximately 170 nucleotides at the 3' end of the 1D (virus protein 1: VP1) gene was determined for the O/194/USSR vaccine strain, O1/Lausanne (Bulgarian vaccine strain) and the O/BUL/1/91 field isolate by directly sequencing ribonucleic acid (RNA) obtained from semi-purified virus harvests using the primer extension sequence method described by Sanger and colleagues (14), with modifications (8).
Serum and probang survey
Samples were collected between 16 October and 6 November 1991. Serum samples were collected from non-vaccinated pigs in Stefan Karadjovo and Goliamo Keushevo, the two villages closest to the site of the outbreak. Samples were collected from nonvaccinated sheep in twenty-three locations in surrounding areas and extending between the outbreak site and the Turkish border. A total of 530 serum samples were collected and examined at the WRL to determine levels of antibody against FMD virus type 01, using a liquid-phase blocking sandwich ELISA (4, 5) . Three serum samples were obtained from wildlife in the area (one from a deer, two from wild pigs).
Probang samples (116 in total) were collected from vaccinated sheep in Stefan Karadjovo and from vaccinated cattle in villages closest to the outbreak site. Duplicate serum and probang samples were made available to the Bulgarian Veterinary Authorities.
Primary BTy tissue culture tubes inoculated with probang samples were examined after 24 h and 48 h. Cultures showing a cytopathic effect (CPE) were then screened for FMDV by sandwich ELISA (11) . Serum samples were titrated against the 01/Manisa vaccine strain.
RESULTS AND DISCUSSION
The aim of these studies was to provide data from which it might be possible to determine the most likely origin of the virus involved. A number of possibilities were considered, including: i) vaccine virus ii) aerosol from an FMD laboratory iii) the outbreak in cattle was secondary to an unidentified primary outbreak iv) indirect transmission via humans or animals from other countries.
The Bulgarian outbreak strain, the vaccine strain produced at the plant in Sliven and the Russian vaccine strain O/194/USSR used to perform ring vaccination were reacted in a liquid-phase blocking sandwich ELISA with bovine post-vaccination sera prepared using the European vaccine strains 0,/BFS 1860 and O1/Lausanne, and the Middle East vaccine strain 01/Manisa. Results are expressed as "r" values (Table II) Table III shows the reactivity of the Bulgarian outbreak strain and vaccine strains with a panel of anti O1/Lausanne MAbs. The antigenic profile obtained showed that the field isolate O/BUL/1/91 had a profile which was similar to the 01/Lausanne vaccine strain except for the low reactivity with MAb C6. This epitope has been mapped onto the 1B (VP2) capsid protein (7, 15) and reactivity of MAb C6 has been shown to vary when the homologous virus has been subjected to passage in different cell cultures (3). The vaccine strain O/194/USSR differed at the C6 and G5 sites.
No FMD virus was detected in any of the probang samples. The pig sera and wildlife 11 ** * mean percentage reactivity as compared to the homologous : * significantly different at P = 0.001 sera were negative for anti-FMDV type O antibodies. Some of the sheep sera (approximately 1%) had low positive titres. These were mainly from individual animals under one year of age and were probably due to persisting maternal antibodies inherited from vaccinated dams. All of these positive sera were negative for antibodies against virus infection-associated (VIA) antigen (J. Ivanov, D. Mackay, personal communications, 1992).
In conclusion, the serum and probang survey did not reveal any evidence of active infection in the animals tested.
A dendrogram was constructed to show the genetic relationship between selected field and reference/vaccine strains of FMDV (Fig. 1) However, it can be concluded from these results that the Bulgarian outbreak did not originate from the vaccines which were either made or stored in Bulgaria, nor from other vaccine strains used in the Middle East (i.e. O1/Manisa) but is related to other viruses recently isolated in the Middle East.
A possible scenario for the source of the Bulgarian outbreak is that the cattle were infected via sheep, pigs or deer (either domestic or wild). However, infection from domestic pigs is unlikely, the nearest herds being situated between 5 km and 7 km from the outbreak (climatic conditions were not conducive to virus survival and aerosol spread). Further outbreaks would have been expected and there was no traceable contact between the cattle attendants and pigs. Also, no anti-FMDV type O antibodies were detected in the samples from domestic pigs which were tested. The epidemiology and results of the serum survey would thus rule out the involvement of pigs. Samples from domestic sheep and goats in villages close to the outbreak were collected a few days after they had been vaccinated (it was expected that they would not yet have developed a serological response to vaccination). These samples were found to be negative for antibody against VIA antigen, indicating that they were not the source of infection.
Deer and wild pigs could be considered a possible source of infection. Movement of deer during the mating season can be considerable and the possible area of infection could be very large, even extending across the border into Turkey. Wild pigs would be likely to infect a more localised area, although at various times of the year they invade maize fields to feed. However, large-scale collection of samples from wild animals was not possible, due to the economic importance which hunting plays in the local economy. The three samples from wild animals which were tested for antibody all gave negative results. Regular serological surveys in Bulgaria, Greece and Turkey (Thrace) over the next two to three years may help to identify any potential reservoirs of infection in the wild animal population.
Alternatively, the infection may have been introduced from the Middle East by a route which has yet to be determined, e.g. indirect transmission from people or from movement of animals. The threat of this type of outbreak is damaging to the economy of the country concerned. This is due to the ban on imports enforced by other countries until the threat has subsided. The possibility of the recurrence of this type of incident remains a continuing threat, particularly now that vaccination against FMDV in Europe has ceased. also the countries which submitted the samples to the WRL which were used in this investigation, particularly the Bulgarian Veterinary Authorities. 
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